INTRODUCTION
The basic beam dynamics of a next generation 50 x 50 TeV hadron collider based on a high field magnet approach have been outlined over the past several years [ 1, 2, 3] . Radiation damping not only produces small emittances, but also flat beams, just as in electron machines. Based on "Snowmass 96" parameters, we investigate the issues associated with flat beams in very high energy hadron colliders.
FLATBEAMS
The energy loss per particle per turn is where E, is the nominal storage energy, C is the total circumference, and G = l / p is the dipole bending strength.
Angle brackets <> denote an average over the entire design trajectory circumference. The constant C, is C, = 8.846 x m G e V 3 (electron) (2) = 7.783 x m G e T 3 (proton) (3)
The exponential damping times for the amplitudes of hori- 
= 2.087 x m (proton)
while H is a property of the FODO cell optics (where a, P, y, and r] are Twiss functions). The momentum width is also independent of the lattice structure, and scales like a,/p -m. By contrast, the natural horizontal emittance depends strongly on the lattice, scaling like E , N B3L3, where L is the half length of a FODO cell.
The normalized emittance is independent of energy! Figure 1 shows how the natural horizontal emittance may be tuned, for the primary parameters of Table 1 , by adjusting the half cell length around its nominal value. The beam needs to be heated longitudinally to about v P / p N to avoid significant intra beam scattering (IBS) consequences. If the linear coupling and the vertical dispersion in the arcs are both well controlled, the equilibrium vertical emittance will be much smaller the horizontal emittance,
IE
( E~/ E , ) << 1. There is no reason why hadron storage rings should not be able to achieve K. M 0.1 or less, in common with conventional electron storage rings.
BEAM-BEAM INTERACTIONS
The head on tune shift parameters are given by If most of the parasitic collisions occur in the IP drift, the total horizontal tune shift is much smaller than the vertical, since px/py N PGj'p; = n in the drift. Even when there are many collisions in and beyond the first quadrupole, it is still reasonable to expect the horizontal long range tune shift to be less of a problem than the vertical. 
INTERACTION REGION OPTICS
Flat beams allow the use of quadrupole doublets in the interaction region (IR), with many advantages over conventional triplet layouts. Figure 2 shows the same IR quadruplet layout accommodating both round and flat (6 = .05) optics. The height of each quadrupole rectangle is proportional to its strength, up to a maximum of about 500 T/m.
While the round optics solution emulates a triplet, the flat optics solution emulates a shorter weaker doublet, with the fourth quad almost turned off. Because the "center of gravity" of the doublet is closer to the IP, maximum beta values B with round and flat optics are comparable, even though the flat 0; value is reduced by a factor of 10. This is conveniently parameterized by an effective length, The instantaneous luminosity may be written where T is the revolution period, showing that p: may be increased as n is decreased, with other parameters (including p;) held constant. This explains why the collision betas in Table l , (pj, p;) = (5.0,0.5)m, are unusually large, and is probably the most significant optical advanhge of flat beams. Both the long range tune shifts and also ,B, and all the associated nonlinear problems, may be reduced by an order of magnitude.
-
STORE PERFORMANCE
A distinguishing characteristic of the strong emittance damping regime is the independence of integrated luminosity on the initial beam emittances. This allows the production of very dense beams and high luminosities with relatively weak bunch intensities. Particle burn-off then limits integrated luminosities and results in short store lengths. The Table 1 parameter set manipulates both the number and intensity of the bunches to produce N 20 hr store lengths. The instantaneous luminosity shown in Fig. 3 increases rapidly at the beginning of the store as the emittances damp, rising to a peak of 1034~m-2s-1 when the beams have achieved equilibrium after 6 hr. The luminosity then falls to 4 x 1033~m-2s-1 after 14 more hours, as the average bunch intensity falls. Fig. 4 shows that the horizontal emittance achieves an equilibrium value determined by the cell length in 5 hr. The equilibrium vertical emittance, due to linear coupling and vertical dispersion, is assumed to result in a 1O:l emittance ratio. The bunch intensity shown in Flat beams also permit doublet IR optics, with more modest magnetic strength demands, lower maximum betas, easier beam separation, and reduced long range tune shifts. Barcelona, EPAC Proc., 1996, p.377 in the US", Fermilab-TM-1907 , 1994 . 
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